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Description 



METHOD OF FORMING BIPOLAR PLATE 

MODULES 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods for forming 

bipolar plate modules, and more particularly to methods 
for providing effective seals between individual fuel cell 
plates and an edge seal about a membrane electrode as- 
sembly (MEA). 
BACKGROUND OF THE INVENTION 

[0002] it j S known to apply resilient sealing beads to and between 
the faces of fuel cell plates for controlling fluid flows be- 
tween pluralities of such plates, stacked in pairs and 
bolted together for generating electric power. In a typical 
fuel cell stack arrangement, the pluralities of such plates 
are sandwiched together in a parallel, face-to-face pat- 
tern. The plates are held spaced apart by resilient sealing 
beads typically adhesively bonded to the face of at least 
one of any two adjoining plates. The sealing beads fit 



within grooves on the faces of the plates, and define paths 
or channels for fluids to flow between the plates. Nor- 
mally, the fluids include not only fluid electrolytes used 
for generation of energy, but also coolants as will be ap- 
preciated by those skilled in the art. 

[0003] The fuel cell plates employed in the usual fuel cell stack 
are normally formed of plastic composites that include 
graphite. The sealing beads are formed of an elastomeric 
material. The beads are normally adhesively applied to the 
plates by a bonding agent, although in some cases the 
beads are simply held in place by pressure of compression 
created by bolted connections between plates. Each fuel 
cell unit is comprised of a cathode and an anode plate. 
Between each cathode and anode plate of each cell flows a 
coolant material of either glycol-based anti-freeze or 
deionized water. Between each fuel cell plate flows two 
chemically reactive elements, hydrogen and oxygen, sep- 
arated by a catalytic membrane, such as a membrane 
electrode assembly or MEA. The hydrogen and oxygen el- 
ements react at the MEA to form water vapor in a type of 
reverse electrolysis. 

[0004] jo ensure effective operation of the fuel cell unit, the 

space between the anode and cathode plates, along with 



the space about the MEA, must be sealed to prevent leak- 
ing of the reactive elements and contamination by pollu- 
tants. The importance of an effective seal between the 
plates has limited manufacturer's abilities to mass- 
produce the fuel cell units. Additionally, factors such as 
cost, time and efficiency have also been a deterrent to im- 
plementation of mass-production of fuel cell units. 
[0005] Accordingly, in view of these concerns, there remains a 

need in the industry for a method of mass-producing fuel 
cell units with appropriate sealing to prevent leaks and 

contamination. 
BRIEF SUMMARY OF THE INVENTION 

[0006] a fuel cell apparatus includes a plurality of individual fuel 
cell units, each including at least two facing, parallel 
plates, mated together. A resilient sealing media, prefer- 
ably formed of an elastomeric material, is employed to 
seal the plates together. The sealing media may be ap- 
plied in the form of a curable fluid sealing material, which 
after being cured in place, is adapted to facilitate control 
of fluid flows, such as coolants between the plates, and of 
electrolyte flows between fuel cells. 

[0007] Th e invention involves the method of manufacture of 

bipolar plate modules, each module defined by a pair of 



plates comprising an anode and a cathode plate. Plurali- 
ties of such modules are stacked and secured together to 
form commercially available composite fuel cell structures 
utilized to generate electric power, either domestically 
(i.e. for home use) or for use in vehicles. 
[0008] The invention offers two alternative methods for manu- 
facturing bipolar plate modules in a simple and efficient 
manner. The first method employed involves placing an 
anode plate, a cathode plate and a membrane electrode 
assembly (MEA) within a mold. The MEA is disposed be- 
tween the anode and cathodes plates. A curable liquid 
sealing material is injected into the mold. The sealing ma- 
terial fills grooves formed on the anode and cathode 
plates to form an insulation layer. The material flows 
through through-holes in either the anode plate or the 
cathode plate and forms a sealing layer between the 
plates. Further, an edge seal is formed about the MEA. 
The sealing material is then cured to bind the anode plate 
to the cathode plate thereby forming the bipolar plate 
module. 

[0009] The second alternative method of manufacturing bipolar 
plate modules includes screen printing a sealing material 
upon one of the anode or cathode plates. Next, the MEA is 



positioned upon the anode or cathode plate. An opposite 
one of the anode or cathode plate is then placed upon the 
MEA. Further, the sealing material is cured to form a seal- 
ing layer between the plates and an edge seal about the 
MEA to bind the anode plate to the cathode plate, thereby 

forming the bipolar plate module. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention will now be described, by way of 

example, with reference to the accompanying drawings, in 
which: 

[001 1] Figure 1 is a cross-sectional view of an assembled bipolar 
plate module manufactured in accordance with a first 
method of the present invention; and 

[0012] Figure 2 is a cross-sectional view of an assembled bipolar 
plate module manufactured in accordance with an alter- 
nate method of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0013] Referring to Figures 1 and 2, a bipolar plate module 10 is 
shown, which includes an anode plate 12 and a cathode 
plate 14. Stacks of such bipolar plate modules 10 are as- 
sembled together to provide composite fuel cell structures 
(not shown) to generate electric power. Disposed between 



each of the plates 12, 14 is a catalytic membrane or 
membrane electrode assembly (MEA) 16. 

[0014] | t w j|| De appreciated by those skilled in the art that 

chemical reactions in the nature of a reverse electrolysis 
take place within the bipolar plate module 10. The reac- 
tions are created by the contact between the fuel compo- 
nents of oxygen and hydrogen, and the MEA 16 posi- 
tioned between the anode plate 12 and cathode plate 14. 

[0015] The anode plate 12 and cathode plate 14 include mating, 
parallel faces 13 and 15, respectively. The faces 13, 15 
are defined by inter-plate coolant grooves 18. Primary 
fuel cell cooling thus takes place between each of the 
mated plates 12, 14 of each bipolar plate module 10. Fur- 
ther, referring specifically to the embodiment of Figure 1, 
the anode plate 12 includes grooves 20 upon an outer 
surface 19. 

[0016] a sealing layer 22 is interposed between each plate 12, 
14. In the embodiment of Figure 1, the sealing layer 22 
extends through a through-hole 24 in the anode plate 12. 
Preferably, the through-hole 24 is positioned within the 
groove 20 of the outer surface 19 of the anode plate 12. A 
portion of the sealing layer 22 fills the groove 20 and 
forms a sealing bead 26 extending beyond the outer sur- 



face 19 of the anode plate 12. When bipolar plate modules 
10 are stacked together to form the composite fuel cell 
structure (not shown), the sealing bead 26 is compressed 
and forms an insulation layer between the bipolar plate 
modules 10. Alternatively, although not shown in the il- 
lustrated embodiments, the cathode plate 14 may include 
a groove and a through-hole, similar to the groove 20 and 
the through-hole 24, for receiving a portion of the sealing 
layer 22. 

[0017] Sealing layer 22 is incorporated in the bipolar plate mod- 
ule 10 to prevent leakage of fuel components and leakage 
of coolant between the plates 12, 14. Further, the sealing 
layer 22 prevents pollution of the bipolar plate module 10 
by contaminants. Accordingly, a more effective bipolar 
plate module 10 results from more effective sealing be- 
tween the plates 12, 14. 

[0018] Further, the sealing layer 22 of each embodiment of Fig- 
ures 1 and 2 encapsulates an end portion 28 of the MEA 
16 to form an edge seal about the MEA 16. The edge seal 
about the MEA 16 properly orients the MEA 16 between 
the anode plate 12 and cathode plate 14. Additionally, the 
edge seal 28 prevents contaminates from entering the in- 
dividual layers (not shown) of the MEA 16. Accordingly, a 



more effective bipolar plate module 10 results from not 
only more effective sealing between the plates 12, 14, but 
also from sealing of the end portion 28 of the MEA 16. 
[0019] one method of manufacturing the bipolar plate module 
10 of the present invention will now be described. Refer- 
ring to the embodiment of Figure 1, the anode and cath- 
ode plates 12, 14 are placed within a mold (not shown) 
The mating parallel faces 13, 15 of the plates 12, 14 are 
maintained in a spaced relationship and the MEA 16 is 
disposed therebetween. A curable liquid sealing material 
is then injected into the grooves 20 of the outer surface 
19 of the anode plate 12 at a pressure of between about 

2 

300-700 lbs/in , which is sufficient to force the liquid 
material through the through-hole 24 and between the 
plates 12, 14. The liquid material flows into the space be- 
tween the plates 12, 14 and encapsulates the end portion 
28 of the MEA 16. The liquid material is then cured, typi- 
cally within approximately two minutes at a temperature 
of between about 75-400 degrees Fahrenheit. Optionally, 
pressure may also be applied to cure the liquid material. 
When cured, the sealing layer 22 is formed between the 
plates 12, 14 and a portion of the sealing layer 22 fills 
through-hole 24 and groove 20. A sealing bead 26 is 



formed and extends beyond the outer surface 19 of the 
anode plate. Further, an edge seal is formed about the 
end portion 28 of the MEA 16. 

[0020] The cured bipolar plate module 10 is then joined to addi- 
tional bipolar plate modules 10 to form the composite 
fuel cell structure (not shown). Joining the modules 10 to- 
gether compresses the sealing bead 26 to form an insula- 
tion layer between the modules 10 of the fuel cell unit. 

[0021] Referring to Figure 2, an alternative method of manufac- 
turing the bipolar plate module 10 of the present inven- 
tion will now be described. First, the curable, liquid seal- 
ing material is deposited upon the mating surface 13, 15 
of either the anode plate 12 or cathode plate 14. Prefer- 
ably, the liquid sealing material is screen-printed upon a 
perimeter of the anode plate 12 or cathode plate 14. 
Screen printing is a manufacturing technique commonly 
known in the art, whereby a mesh screen is masked to de- 
vise a particular shape. The liquid material flows through 
the non-masked portion of the screen and is deposited on 
the anode plate 12 or cathode plate 14. Screen printing is 
a faster, more precise, and more repeatable application 
method than conventional hand-application methods. 
Further, screen printing includes the ability to deposit a 



precise and deliberately even or uneven coating height in 
one printing pass. 

[0022] Once the liquid sealing material is deposited on either the 
anode plate 12 or cathode plate 14, the MEA 16 is posi- 
tioned upon the anode plate 12 or cathode plate 14. Al- 
ternatively, the MEA 16 may already be positioned upon 
the anode plate 12 or cathode plate 14 before the liquid 
material is deposited via the screen printing process. 
Next, the opposite plate is placed upon the MEA 16. The 
liquid sealing material is cured to form a sealing layer 22 
between the plates 12, 14. The sealing layer 22 encapsu- 
lates the end portion 28 of the MEA 16 to form an edge 
seal. The liquid material is typically cured within approxi- 
mately two minutes at a temperature of between about 
75-400 degrees Fahrenheit. Optionally, pressure may also 
be applied to cure the liquid material. 

[0023] As described above, the bipolar plate module 10 is 

stacked with other bipolar plate modules 10 to form the 
composite fuel cell structure (not shown). Preferably, the 
sealing bead 26 also forms an insulation layer that is dis- 
posed between the bipolar plate modules 10. Accordingly, 
an additional step of applying liquid sealing material to an 
outer surface of an anode plate 12 and cathode plate 14 is 



contemplated. This additional step may be accomplished 
by any technique including injection molding, screen 
printing, hand-application, or the like. Further, it is 
preferable for the anode plate 12 and cathode plate 14 to 
includes grooves (not shown), similar to the grooves 20 of 
the embodiment of Figure 1, for receiving the liquid seal- 
ing material to form the insulation layer. Additionally, the 
liquid sealing material of the insulation layer may be 
cured separately or along with the curing of the liquid 
sealing material of the sealing layer 22. 
[0024] The liquid sealing material utilized in the manufacturing 
methods of the present invention includes a silicone ma- 
terial or the like. In addition, a sealing material comprising 
epoxy nitrile is also contemplated. However, any curable, 
liquid material is contemplated by the present invention. 
The sealing layer 22 and insulation layer (not shown) 
formed from the same or different liquid sealing materials 
must provide some degree of temperature, pressure, and 
chemical resistance. The sealing layer 22 and the insula- 
tion layer must be both compressible and resilient so that 
they can adjust to shifting positions of the anode plate 12 
and cathode plate 14, as well as load variances caused by 
expansion or contraction of the plates 12, 14 during op- 



eration. Most importantly, the sealing layer 22 and insula- 
tion layer must maintain their seal under any and all con- 
ditions. 

[0025] it is to be understood that the above description is in- 
tended to be illustrative and not limiting. Many embodi- 
ments will be apparent to those of skill in the art upon 
reading the above description. Therefore, the scope of the 
invention should be determined, not with reference to the 
above description, but instead with reference to the ap- 
pended claims, along with the full scope of equivalents to 
which such claims are entitled. 



